Background: Despite their histological resemblance to colorectal adenocarcinomas, there is little information about the molecular events involved in the pathogenesis of intestinal-type sinonasal adenocarcinomas (ITACs). Aims: To evaluate the possible role of DNA mismatch repair (MMR) gene defects or disruptions of the E cadherin-b catenin complex in ITAC by investigating the immunohistochemical expression of the MMR gene products, b catenin, and E cadherin in a group of sporadic ITACs. Methods: Ten sporadic cases of ITAC were stained with antibodies against MLH1, MSH2, MSH3, MSH6, b catenin, and E cadherin. Results: Nine cases showed strong nuclear expression of MLH1, whereas one case showed moderate staining. All 10 cases were strongly positive for MSH2 and MSH3. MSH6 was strong in nine cases, and moderate in one. Membranous b catenin expression was strong in all 10 cases, and no case showed cytoplasmic or nuclear staining. E cadherin was strong in seven cases, and moderate in three cases. Conclusions: The preserved nuclear expression of MLH1, MSH2, MSH3, and MSH6 suggests that mutations or promoter methylation of MMR genes do not play a role in the pathogenesis of ITAC. The strong membranous staining for E cadherin and b catenin and lack of abnormal cytoplasmic or nuclear expression is in keeping with the preservation of E cadherin-b catenin complexes and b catenin pathways.
I
ntestinal-type adenocarcinomas (ITACs) of the nasal cavity and paranasal sinuses are rare tumours that occur sporadically or are associated with occupational exposure to hardwood and leather dusts, nickel, and possibly smoking. 1 2 ITACs are aggressive tumours characterised by frequent local recurrences, low incidence of distant metastases, and an overall mortality of approximately 53%. 2 The morphological appearance of these tumours is variable and they may resemble normal small intestinal mucosa, villous adenomas, conventional colorectal adenocarcinomas, mucinous adenocarcinomas, and signet ring cell carcinomas. [1] [2] [3] The similarities between ITAC and intestinal adenocarcinoma extend to their ultrastructural and immunohistochemical characteristics. [3] [4] [5] [6] ''In recent years, immunohistochemistry for MLH1 and MSH2 nuclear protein expression has been shown to be useful as a primary screening test for mismatch repair gene defects'' Unlike ITAC, colorectal adenocarcinoma is one of the most common and widely studied human malignancies. 7 8 Numerous studies have shown that mutations of the K-ras, p53, and APC (adenomatous polyposis coli) genes are common in colorectal adenocarcinomas. 7 8 In comparison, there is very little information about the molecular events involved in the pathogenesis of ITAC. Working on the hypothesis that morphological similarities with colorectal adenocarcinomas might reflect equivalent genetic alterations, several authors have investigated the presence of p53 mutations and the activation of ras oncogenes in ITAC. [9] [10] [11] [12] However, Wu and colleagues 11 found p53 mutations in only two of 11 ITACs, with no cases showing K-ras mutations. In a report composed mainly of occupational tumours from Scandinavia, Saber et al described K-ras mutations in four of 28 cases. 9 Perez and co-workers 10 studied the status of three ras oncogenes in 31 cases of ethmoid sinus ITAC. H-ras mutations were found in only five of the 31 patients. One additional patient had mutations of K-ras and there were no N-ras gene activations. In contrast to the report by Wu et al,
11
Perrone and colleagues 12 demonstrated p53 mutations in 40% of mostly occupational ITACs. These authors also found a high prevalence of loss of heterozygosity at the 17p13 locus (64%), in addition to p14 ARF (67%) and p16 INK4a (69%) promoter methylation. 12 Approximately 90% of carcinomas arising in patients with hereditary non-polyposis colorectal adenocarcinoma and 10-15% of sporadic colorectal adenocarcinomas are associated with the phenomenon of microsatellite instability (MSI) and mutations or promoter methylation in the MLH1 and MSH2 mismatch repair (MMR) genes. 8 13 Other MMR genes include MSH3, MSH6, PMS1, and PMS2. These genes play a smaller role in the pathogenesis of hereditary non-polyposis colorectal adenocarcinoma and sporadic colorectal adenocarcinomas. MSI and defects in the MMR genes are generally investigated by DNA microsatellite analysis or gene sequencing. However, these DNA techniques are expensive and labour intensive. In recent years, immunohistochemistry (IHC) for MLH1 and MSH2 nuclear protein expression has been shown to be useful as a primary screening test for MMR gene defects. 14 15 In a large study by Lindor et al, 14 IHC showed a 100% specificity and 92% sensitivity in classifying colorectal adenocarcinomas for MMR competency. Based on the histological similarities between colorectal carcinoma and ITACs, and the reported low prevalence of K-ras mutations and somewhat conflicting data regarding p53 status in ITACs, we explored the possibility that MSI and the DNA mismatch repair pathway are involved in the pathogenesis of ITAC. For Abbreviations: APC, adenomatous polyposis coli; IHC, immunohistochemistry; ITAC, intestinal-type sinonasal adenocarcinoma; MMR, mismatch repair; MSI, microsatellite instability this purpose, we used a panel of monoclonal antibodies against the MLH1, MSH2, MSH3, and MSH6 gene products.
In addition, because mutations of the APC gene, found in approximately 70% of sporadic colorectal adenocarcinomas, 8 and activating mutations in the b catenin gene lead to the accumulation of b catenin in the cytoplasm and nucleus of colorectal tumour cells, 16 we also explored the possibility of dysfunction of E cadherin-b catenin complexes in ITAC by IHC using antibodies for b catenin and E cadherin.
MATERIAL AND METHODS
All 10 cases were retrieved from surgical pathology files on the basis of an original pathological diagnosis of sinonasal ITAC. Original haematoxylin and eosin stained slides were reviewed by two of the authors (BP-O, NNH) and the original diagnoses were confirmed in all cases. A representative formalin fixed, paraffin wax embedded block from each case was selected for immunohistochemical studies using the antibodies listed in table 1. All immunostaining was performed manually with microwave antigen retrieval and overnight incubation with the primary antibodies. The staining was completed using the ultrastreptavidin-horseradish peroxidase detection system (ID Laboratories Biotechnology, London, Ontario, Canada) and colour development was performed using the NovaRed substrate kit (Vector Laboratories, Burlingame, California, USA). Sections of normal colon and sporadic colonic adenocarcinomas were used as positive controls, respectively. The expression of MLH1, MSH2, MSH3, and MSH6 was considered positive if there was definitive nuclear staining in any of the tumour cells. Beta catenin and E cadherin staining were considered positive if clear membrane immunoreactivity was present. Special attention was paid to the presence of aberrant cytoplasmic and nuclear expression of b catenin. The immunohistochemical stains were evaluated semiquantitatively and scored as: negative (0% positive cells), mild (. 1-25% positive cells), moderate (. 25-50% positive cells), and strong (. 50% positive cells).
RESULTS
Nine patients were male and one was female. None of the patients had a known history of occupational exposure to hardwood dust. The age at presentation ranged from 21 to 87 years (mean, 63). Five tumours arose in the ethmoid sinus, three in the maxillary sinus, one in the nasal cavity, and one in the sphenoid sinus.
The 10 cases of ITAC comprised five colonic type ( fig 1A) , four papillary ( fig 1B) , and one mixed with papillary architecture and abundant extracellular mucin production. Table 2 summarises the immunohistochemical results. Nine cases showed strong nuclear expression of MLH1 (fig 2A) , whereas one case showed moderate staining. All 10 cases were strongly positive for MSH2 and MSH3 (figs 2B, C). MSH6 was strong in nine cases and moderate in one ( fig 2D) . All cases showed membrane staining for E cadherin and b catenin. E cadherin staining was strong in seven cases ( fig 3A) and moderate in three cases. Beta catenin expression was strong in all 10 cases (fig 3B) . No case showed cytoplasmic or nuclear staining for b catenin or E cadherin.
DISCUSSION
Despite their histological similarity to colorectal carcinomas, there is little information about the molecular events involved in the pathogenesis of ITACs. Several crucial pathways of tumorigenesis have been identified in colorectal adenocarcinomas. 7 8 These pathways involve the mutation and inactivation of multiple oncogenes, tumour suppressor genes, and DNA mismatch repair genes including K-ras, APC, p53, MLH1, and MSH2. 7 13 Working on the hypothesis that morphological similarities to colorectal adenocarcinomas might reflect equivalent genetic alterations, several authors have investigated the presence of p53 mutations and activating mutations of ras oncogenes in ITAC. [9] [10] [11] [12] However, the results of these studies suggest that mutations of K-ras and other ras genes are relatively uncommon in ITAC. [9] [10] [11] [12] Similarly, p53 mutations in ITACs have not been widely demonstrated.
11 12 Wu et al found p53 mutations in only two of 11 cases investigated. 11 More recently Perrone et al found p53 mutations in eight of 20 cases of mostly occupational ITACs. 12 Given these findings, we have explored the possibility that different pathways involved in colorectal carcinogenesis-namely, the DNA mismatch repair and the APC-b catenin pathways-are involved in the molecular pathogenesis of ITACs. For this purpose, we used a panel of antibodies against MLH1, MSH2, MSH3, MSH6, b catenin, and E cadherin.
There are no previous reports on the expression of MMR proteins in ITACs. All of our cases showed preserved nuclear expression of MLH1, MSH2, MSH3, and MSH6, with most cases showing strong nuclear staining. These results suggest that mutations or promoter methylation of these MMR genes do not play an important role in the pathogenesis of ITAC. Although we did not perform microsatellite analysis or gene sequencing, it has been shown that IHC is highly sensitive and specific for the preliminary screening of MMR gene defects in colorectal adenocarcinomas. 14 15 17 18 Thibodeau et al reported that all tumours classified as microsatellite stable and low level microsatellite instability had preserved nuclear expression of MLH1 or MSH2 proteins. 17 Marcus et al reported similar results in a smaller study. 15 In a study involving 1144 patients, 14 IHC for MLH1 and MSH2 showed a 100% specificity and 92% sensitivity in classifying colorectal adenocarcinomas for MMR competency. That study showed that absence of MLH1 and MSH2 expression was 100% accurate for predicting a tumour with high MSI, whereas only 3.3% (27 of 818) of tumours with normal expression for both markers had a high level of MSI by molecular testing with 10 markers.
14 Despite the high sensitivity of IHC in the preliminary screening of MMR gene defects in colorectal adenocarcinomas, there are occasionally discrepant results between preserved MMR protein expression and MMR mutational gene status in a small number of tumours. 19 20 In general, these discrepancies are the result of rare in frame deletions of MSH2 or in frame deletions or splice mutations in exon 16 and exon 19 of the MLH1 gene, resulting in the production of large fragments or full length proteins. 19 20 There is less experience in the use of IHC to assess MSH3 and MSH6 expression 19 21 22 ; however, preserved nuclear expression of these proteins generally indicates lack of pathogenetic mutations in these genes.
''Our results suggest that unlike conventional intestinal adenocarcinomas, there are no alterations in the E cadherin-catenin complexes or the b catenin pathways in intestinal-type sinonasal adenocarcinomas'' E cadherin is a cell adhesion molecule with an important role in intercellular adhesion. The cytoplasmic domain of E cadherin binds to b catenin and c catenin. 23 These E cadherin-catenin complexes interact with the actin cytoskeleton through associations with a catenin, a actinin, and actin filaments. Alterations in E cadherin expression and function are common in intestinal adenocarcinomas, and are usually seen as decreased membranous expression with abnormal cytoplasmic accumulation. 24 25 Beta catenin also plays an important role in colorectal carcinogenesis via its interaction with numerous molecules, such as E-cadherin, the APC gene product, GSK-3b, AXIN, and the ATC/LEF family of transcription factors. 16 Mutations of the APC, CTNNB1, and AXIN2 genes seen in intestinal adenocarcinomas lead to abnormal cytoplasmic and nuclear expression of b catenin as a result of inadequate proteolysis. 16 There are no previous reports on the expression of E cadherin and b catenin in ITACs. All cases that we investigated showed normal membranous expression with no abnormal cytoplasmic or nuclear accumulation of these proteins. Our results suggest that unlike conventional intestinal adenocarcinomas, there are no alterations in the E cadherin-catenin complexes or the b catenin pathways in ITACs.
In conclusion, the preserved nuclear expression of MLH1, MSH2, MSH3, and MSH6 in ITACs suggests that mutations or promoter methylation of MMR genes and MSI do not play a role in the pathogenesis of these tumours. The strong membranous staining for E cadherin and b catenin and lack of abnormal cytoplasmic or nuclear expression is in keeping with preserved E cadherin-b catenin complexes and b catenin pathways. 
